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and the 

... :ureau of' k z r o n 3 d t i c s ,  Nsvy Department 

A3 i n  the c a s e  0;' t h e  a f r ? l m e ,  the h e l i c o p t s r  can 
c r u i s e  at powers well b e l o w  tJ.:)ss r e % u i r e d  f o r  sp fe  telce- 
oi'f i n  r iodernte  o r  low-wind condi t for l s .  It  h r s  been sag- 
g e s t e d ,  t h e r s f o r e ,  th.9'; the f ' a i l a y 3  of h s l i c o p t s r  and 
h e l i c o 3 t e r  eng ine  d e s i m e r s  ._ t o  t s x e  advants,ce of the 
t e m n o r w g  i n c r e e s e s  i n  .;?o;n!~,r n:cde possible by modern 
eng ine  dbvelopments  i n  s u z ) ~ r c h a r q r s  pni! h igh-oc  t m e  f 'usls 
may be l i m i t i r , g  t h a  U S S ~ ' L J I ~ S S S  of ti12 h e i i c o F t e r .  As a 
f i r s t  s t s p  i n  5xsT:ifiiag t h e  co r r .3c tness  o f  tl-is s i l g g a s t i o n  
a brfs i '  t h c o r e t i c s l  study wzs made of t h e  i r ic r ' zeses  i n  
t ake -o f?  t h u s t  t n s t  xro1Lld b~ rr!sde . ; ,oss ib le  E t  d i l ' f3r ;nt  
times of t h e  Seer  i n  veilio1.s ' ~ E P ~ S  of t h a  c o u n t r y  by 
i n c o r p o r z . t i c n  of ,? sx~ll m o m t  o f  s u 2 e r c h e r r i n g  L .  . i n  a 
t y ; ? i c a l  h : ? l i c o ? t 3 r .  ?his r z su i t s  o f  -this s t u d y  a r s  g i v m  
i n  t h a  p r s s a n t  ? 2 ? 2 r .  
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Fcr conven iencs  t h e  symb3ls used  in t h e  analysis a r e  
d e f i n e d  i n  t h e  i 'o l lowlng l i s t :  

bhp breke  hors 3~ ower 

ihr, i n d i  c a t a d  horsepower  

shp s u v e r c h a r g e r  horsepower  

fh;? f r i c t i o n .  horsenower  

rS 

r 
0 

J 

cP 
Y 

NC 

DC 

Pm m a n i f o l d  pressur9, inches 02 mercury 

p 0 a tmcsnhe r i c  p r e s s u r e  , PrLchcs of  niercurg 

AP p r e s s l i r e  dye? f rom inlet t o  u i rn i fo ld  (or t o  s u p e r -  
c h w g e r  e n t r a n c e  f o r  sut i3rcharged e n g i n e ) ,  i n c h e s  
of m r c u r y  

p r e s s u r e  r z t i  o a c r o s s  su1ierchPrger  

c~ l i n d e r  c ompre s s 4 on r c t i o 

free-air d e n s i t y  r e t i o  

chz rge  p i i -  f l o ~ v ,  pounds p e r  s e c a ~ i ?  

dry m a n i f o l d  t e m p e r a t u r e ,  OF a b s o l u t e  

free-air t , e n ? e r a t u r s ,  Oi" s t m o l u t e  

t e m p e r a t u r e  r i s e  a c r o s s  s l q e r c h a r g e r ,  OF 

s u p s r c h a r g e r  a d i a b a t i c  e f f f c i e n c y  

775 foo t - rounds  p a r  3 t u  

s p e c i f i c  h e e t  of a i r  a t  cons tan t  p r e s s u r e  (=0.24) 

s p e c i f i c  h e a t  r z t i o  for a i r  (=l.4O) 

number o f  c y l i n d e r s  

cy l inde r  d i t imeter ,  i n c h e s  
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S p i s  ton stroke, i n c h e s  

ro t o r  t h r u s t  c o e f f  fc ie iz t  = T 
rrR p(-?R) 

z r 9 t o r  t o r q u s  c o e X i c i e n t  = 
n,?-/p (23 ) 

9 r o t o r  t o r q m ,  : \ o u r d - P e e i  

R rotor sneed, rec i ians  921,- second 

. 

r; 7 
Dc ’4.275 i n c h e s  

S -: .25 i n c h c s  I 

r 6.4 
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2 N, (D,T?) = 20 ( r e f e r e c c e  1) -10 f3np = 15 x 10 

?he bra.;= horsepowt?r d e l i v e r e d  by this m g h e  c t  f u l l  
t l i r o t t l e  P t  210C; r i J n i  o v e r  8 r r J n p  of' temperetur-es  from -40° t o  1.20° F and c" r m g 3  or' preszure d t i t u d e s  f r o m  0 
t o  6COO f ' e e t  wc"s c a l c u l r t e d  OL t n s  assix1iption ti?-?t 

( r e f  ervmces 
1 and 2 )  

Under t h r  d e s i w  coni;itIoi?s the p r e s s u r e  r a t i o  
r=qu-i.rsd wss 1.3 v,'ni.cn, with a1-i a a s u ~ e c i  a d i c b e t i c  e f f i c i e n c y  
of  75 c e r c e n t ,  c o r r ~ s ~ o r i d s  t o  A tsmnsrcture  r i s e  a c r o s s  
th3 Suf2 rch r rge r  of 53" T 2nd a m s n i f o l d  p r e s s u r ?  of 
33.2 inches  of  mercu ry .  

The gowe:' 2 e l l v c r e d  b~ th3 s u ~ s r c h a r g o d  sn i - ina  a t  
f u l l  t h r o t t l e  o v e r  t h e  range 01' F l t i t u d s s  snd t e rcoe ra tu ras  
was then c s l l c u l a t s d  on t h e  assumpt ions  t h r t  
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T,, = 'r0 + 4~ = T, + 5 3 O  

- 
Pm - rs ( P o  - AP)  

W, Jc, A T 
shp = 

5 50 

It W ~ S  assumed t h c t  the th ro t - c l e  would be used  t o  
p r e v e n t  t h e  i i i d i c a t e d  horsepower f rom exceed ing  the 
s e l e c t e d  n a x i x m  perrri issIble ve lue  of 233. 

9, f e e t .  . . . . . . . . . . . . . . . . . . . . . .  19 . . . . . . . . . . . . . .  23 1-8 
2 /  

fi, y 6 j i i l s  psr secoE2 
S o i ? d i t g  . . . . . . . . . . . . . . . . . . . . .  0.00 
Black yjlen fo rm . . . . . .  C o i i s t m - i  choi-d 2nd i n c i d e n c e  
Cdo . . . . . . . . . . . . . . . . . . . .  3.c:I + 1J.5CL2 

The r e l z t i o n  betvieeri r o t o r  s t e t i c  t3ru::t 2nd t o r q u e  
c o e f f i c i e n t s  w ~ s  d e r i v e d  f r o T  fit-ure 15 of  r e f e r e n c e  3 and 
i s  ? l o t t e d  i n  f'iguipe 1. F o r  convenience  112 t h e  computa.t ions 
t h e  e x n r e s s i o n  

wes s u b s t i t u t e d  f o r  t h e  curve .  :he c u r v e  msy be c o n s i d e r e d  
t o  repress::t t h e  i iover ing  pe:.formsnze o f  c u r r e n t  r o t o r s  
with f a b r i c - c o v e r e d  b l a d e s .  



TLe r o t o r  t h r u s t  V R S  c . - i l cu la t ed  for b o t h  t h e  s u 2 e r -  
chnrqed end msunerchhsi*ged ccndf t f  ons o v e r  t h e  range of 
a l t f t u d e s  m d  t e x j e r s t u r e s ,  on t h e  r s sumpt ion  t h a t  80 ?e r -  
c e n t  o r  t h e  e n g i n e  b r&e  horsepower  WRE d e l i v e r e d  t o  Lhe 
r c  tor.. 

Tha fora 5o4np c a 1 c u l  ,c t i  oL1 s f n d i  c e t  e tk 9 t ir? c o r  ,2011 c t i  on 
of supe rche rgzd  an - r i ~ e s  ir, c i x r e n t  h e l i c o 9 t e r s  ~ s y  be 
exDected t o  i n c r s a s a  subs ’Gxi t i z l ly  th-6 u s e f u l  l o e d  a t  t a k a -  
o f f  f r c n  most n i r ? o r t s  i n  ?my b x t  extremely c o l d  wea the r .  
T h s  y r o b l a m  o f  deve lor  i n g  s u i t a b l e  s dD,rcharged e n z h s s  
f o r  h e l f c o p t a r s  a p D G R r s  to wwrsnt  fu r the r  c o n s i d z r a t i o n .  

Langley Memorial X z r o n E u t i c a l  L p b o r s t o r y  
Net ion a 1  Advi s o r y  C 0 m . i  t t 3 %  :‘or Baron a u t i  c s  

Langley F i z l d ,  VP. 
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